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Role	  of	  macrophages	  	  
in	  driving	  and	  regula4ng	  inflamma4on	  
Safety	  and	  exploita:on	  of	  the	  interac:on	  with	  
nanomaterials	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Nanopar4cle	  interac4on	  	  
with	  immune	  system	  
Where	  do	  they	  go	  when	  inoculated	  in	  vivo?	  
  	  	  large	  part	  goes	  undetected	  and	  is	  rapidly	  excreted	  
  	  	  targe4ng	  molecules	  may	  direct	  them	  to	  selected	  4ssues	  
  	  	  uptake	  by	  inflamed	  4ssues	  is	  facilitated	  by	  vascular	  leakage	  	  
  	  	  significant	  amount	  is	  taken	  up	  by	  leukocytes	  
  Nanodrug,	  delivery	  and	  imaging	  systems	  
Must	  persist	  in	  the	  blood	  and	  diffuse	  into	  :ssues	  long	  enough	  for	  effect	  
➢  How	  to	  deal	  with	  the	  immune	  surveillance,	  in	  par4cular	  by	  blood/4ssue	  phagocytes	  
➢  How	  to	  limit	  unwanted	  immune	  s4mula4on	  (e.g.,	  complement	  ac4va4on)	  
Nanomedicines	  	  
and	  the	  immune	  system	  
 	  	  Adjuvants	  and	  immunomodulators	  
	  	  	   	  Must	  deliver	  molecules/signals	  to	  immune	  cells	  
➢  How	  to	  specifically	  target	  the	  objec4ve	  
➢  How	  to	  reduce	  unwanted	  effects	  on	  immune	  func4ons	  
  NPs	  can	  favour	  an4gen	  uptake	  by	  phagocytes	  (the	  an4gen-­‐
presen4ng	  cells)	  
How	  a	  nanovaccine	  can	  achieve	  	  
protec4ve	  immunity	  
Macrophages	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Dendri:c	  cells	  
How	  a	  nanovaccine	  can	  achieve	  	  
protec4ve	  immunity	  
  NPs	  can	  be	  engineered	  to	  carry	  the	  an4genic	  cargo	  and	  
targe4ng	  molecules	  	  	  
Prisco & De Berardinis Int. J. Mol. Sci. 13: 5179, 2012 
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How	  a	  nanovaccine	  can	  achieve	  	  
protec4ve	  immunity	  
  NPs	  can	  be	  engineered	  to	  achieve	  cross-­‐presenta4on,	  leading	  
to	  induc4on	  of	  both	  cytotoxic	  T	  cells	  and	  an4body	  produc4on	  
Firdous et al. Acta Biomaterialia 10: 4606, 2014  
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  act	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  ac4va4ng	  the	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Assessing	  the	  immunosafety	  	  
of	  nanopar4cles	  
  	  	  Need	  of	  reliable	  and	  valid	  models	  
  Ability	  to	  induce	  pathological	  inflamma4on	  
  Ability	  to	  interfere	  with	  physiological	  inflamma4on	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Monocytes	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  macrophages	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Heterogeneity	  	  
of	  macrophage	  ac4va4on	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PHYSIOLOGICAL	  	  
INFLAMMATION	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  inflammatory	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Kine4cal	  monocyte-­‐based	  	  
model	  of	  human	  inflamma4on	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  of	  human	  pathological	  inflamma4on	  
0	  	  
	  	  Early	  inflamma'on	  	  	  	  	  	  	  	  	  	  	  	  	  Full!
2	  	   24	  	  
	  	  	  Persistent	  	  	  	  	  	  	  	  	  	  	  	  Chronic	  	  	  	  	  	  	  	  	  Pathological	  	  
	  	  48	  	  7	  	   	  	  96	  	  
Recruitment	  
CCL2	  
LPS/PDG/CpG/polyI:C	  
IFN-­‐γ	  +	  ACPA	  ic	  +	  Survivin	  +	  GM-­‐CSF	  +	  M-­‐CSF	  
37°C	   39°C	  (fever)	  
Tr
ea
tm
en
t	  
Time	  (h)	  
Temperature!
Oxygen	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  21% 	   	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  1%	  (	  hypoxia)	  
Serum 	  	  	  	  1% 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  5%	  (oedema)!
Gene	  expression	  pajerns	  	  
in	  resolving	  vs.	  chronic	  inflamma4on	  
resolving	  
chronic	  
Principal	  component	  analysis	  
0 & 2 h 
Resolving 
Chronic 
Differen4ally	  expressed	  genes	  
      Resolving         Chronic  
DEGs between 14 and 24 h 
Resolving: 
4778 DEGs 
Chronic: 
2597 DEGs 
0
100
200
300
400
500
600
700
800
900
1000 
0  0,25 0,5 1  2
pg
/m
l/
10
6 	  c
el
ls

NP	  concentraNon	  (cm2/ml)	  
Au NP contaminated Au NPIL-­‐1β	  producNon	  
Au	  NP	  
LPS-­‐Au	  NP	  
Do	  NPs	  induce	  inflamma4on?	  
The	  problem	  of	  endotoxin	  contamina:on	  
AuNP	  do	  not	  interfere	  with	  the	  course	  of	  a	  
physiological	  inflammatory	  response	  
Take	  home	  message	  
• For	  a	  good	  assessment	  of	  nano-­‐effects	  on	  immune	  
responses,	  you	  need	  good	  models	  
• Human	  monocytes/macrophages	  are	  a	  relevant	  
model	  for	  assessing	  immunomodulatory	  and	  
immunotoxic	  effects	  
• KineNc	  analysis	  is	  important	  for	  discrimina4ng	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  a	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  defence	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  pre-­‐
pathological	  effects	  	  
	  	  	  	  	  	  	   	   	   	   	  	  
There	  is	  at	  bojom	  only	  one	  genuinely	  
scien4fic	  treatment	  for	  all	  diseases,	  and	  
that	  is	  to	  sNmulate	  the	  phagocytes	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